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Lichtman stage IIIB and IV Kienböck's disease. 6, 16) Radial shortening osteotomy is known to reduce the actual stress across the radiolunate joint and shift the load to the ulnar side of the wrist joint. 12, [17] [18] [19] However, this joint leveling procedure is not a reasonable treatment option for patients with neutral or positive variance of the ulna. Instead, radial closed wedge osteotomy, which decreases the radial inclination, could be used regardless of ulnar variance. 6) In addition, this procedure could be combined with radial shortening in patients with negative ulnar variance. 15) Only few articles have been published on the longterm outcome of radial wedge osteotomy in Kienböck's disease, particularly among patients in advanced stages. The purpose of this study was to evaluate the radiological and clinical outcomes of radial wedge osteotomy in patients with Lichtman stage IIIB and IV Kienböck's disease and compare the results with those in patients with Lichtman stage IIIA Kienböck's disease.
METHODS

Patient Characteristics
This study is a retrospective case series analysis of prospectively gathered data. A total of 11 patients with Lichtman stage IIIB and IV Kienböck's disease (group A) were treated by radial wedge osteotomy between August 2004 and August 2012 and followed for more than 3 years. Patients having severe arthritic changes at the radiocarpal joint with invisible joint space were excluded because they were considered candidates for salvage procedures. 20) In the same period, fourteen consecutive patients with Lichtman stage IIIA Kienböck's disease (group B) were treated with the same procedure and followed for more than 3 years. The medical records, radiographs, and evaluation data of these patients were reviewed. Two of the authors (YHS and MJC) determined the preoperative Lichtman stage based on a review of simple radiographs and MRI scans. In cases that cause confusion between stage IIIA and IIIB, 60° of radioscaphoid angle was used as a criterion for differentiation. The demographics are described in Table 1 . This study was approved by the Seoul National University College of Medicine/Seoul National University Hospital Institutional Review Board (No. H-1512-097-728).
Surgical Technique
All operations were performed by a single orthopedic surgeon (GHB) with use of volar Henry approach on the distal radius. Radial wedge osteotomy was performed by making a transverse cut and an oblique cut on the metadiaphyseal junction of the distal radius, considering the thickness of the saw blade. In patients with positive and neutral ulnar variance, only the wedge osteotomy was done, whereas in patients with negative ulnar variance, radial shortening was combined with the wedge osteotomy. In all patients, the goal of corrected inclination angle was between 5° and 10°. 15) In patients with negative ulnar variance, the goal of radial shortening was to obtain a final variance of neutral to 2 mm positive 18) while limiting radial length alteration to ≤ 3 mm regardless of ulnar variance. 17) Two patients in group B, who had positive ulnar variance of more than 5 mm, had ulnar shortening osteotomy simultaneously. All osteotomies were fixed with a plate and screws system: a five-or six-hole small dynamic compression plate (Stryker Orthopedics, Mahwah, NJ, USA) in the earlier patients and a locking compression plate for the distal radius (Synthes, Oberdorf, Switzerland) in the later patients.
Postoperative Management and Outcome Evaluation
Postoperatively, the patients were managed for the first 2 weeks with a sugar tong splint that was then converted to a removable short arm splint worn for an additional period of four to 8 weeks. Standard posteroanterior and lateral radiographs were taken immediately postoperatively and during the follow-up assessments at 2, 6, 9, and 12 weeks and 6 and 12 months postoperatively. Patients were then followed up annually. Radiological changes of the lunate and radiocarpal joint were assessed with preoperative and final follow-up radiographs. Changes in lunate morphology and Lichtman stage and the presence or deterioration of degenerative changes at the radiocarpal and midcarpal joints were evaluated by two of the authors (YHS and MJC). In addition, radiological measurements, including ulnar variance, 21) radial inclination angle, 13) radioscaphoid angle, 5) carpal height ratio, 22) and Stahl index 23) were performed with preoperative and final follow-up radiographs. The images were assessed on a 21.3-inch liquid crystal display monitor (MDNG-6121; Barco, Kortrijk, Belgium) in portrait mode using picture archiving and communication system (PACS) software. These measurements were performed by two of the authors (YHS and MJC) and the mean value of the 2 measurements was used for analysis.
The flexion/extension angle of both wrists, grip strength of both hands, and score of Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire (scale of 0-100, with higher scores indicating greater disability) were assessed preoperatively and final follow-up to evaluate the clinical outcomes of radial wedge osteotomy. The ROM of the affected wrist and the contralateral side was measured using a goniometer. Grip strength was measured using the Jamar dynamometer (Asimow Engineering, Los Angeles, CA, USA) with the elbow flexed at 90° and the forearm in neutral position. The extent of wrist pain in activities of daily living was assessed using the visual analogue scale (VAS; 0 = no pain, 10 = severe pain) at the final follow-up. The Nakamura Scoring System (NSSK) for Kienböck's disease was used for comprehensive assessment of the clinical and radiological changes at the final follow-up. 11) This scoring system consists of clinical assessments including pain, grip strength, change of flexion/ extension angle and radiological assessments including change of the lunate shape, carpal height ratio, and Stahl index. The NSSK score ranges from 0 to 30, with higher scores indicating more improvement after osteotomy: excellent, 24-30; good, 18-23; fair, 12-17; and poor, 0-11.
Statistical Analysis
All of the statistical analyses were performed with IBM SPSS ver. 22.0 (IBM Co., Armonk, NY, USA), and p-value < 0.05 was determined as the level of statistical significance. The Mann-Whitney U-test or Fisher exact test were used to compare the demographics, preoperative status and final follow-up outcomes of the two groups. Pre-and postoperative data were compared with use of the Wilcoxon signed-rank test within each group. Interobserver reliability of radiologic measurement was assessed with intraclass correlation coefficients (ICCs) derived from a two-way random effect model.
24)
RESULTS
Analysis of Preoperative Status and Corrective Osteotomy Planning
The preoperative radiological and clinical evaluations and corrective osteotomy planning are described in Table 2 . Ulnar variance, radial inclination angle, and carpal height ratio were not significantly different between two groups. Ulnar variance was positive in 1, neutral in 2, and negative in 8 patients of group A and positive in 2, neutral in 2, and negative in 10 patients of group B. Radioscaphoid angle and Stahl index were significantly different between two groups (p < 0.001, respectively). Clinical evaluations including the mean angle of wrist flexion/extension, grip strength, and DASH score were not significantly different between two groups. In addition, the planned correction of ulnar variance and radial inclination were not significantly different between two groups (p = 0.727 and p = 0.085, respectively).
Outcome Evaluation
The osteotomy site union was achieved in all patients. There were no complications such as nonunion or infection. Nine patients of group A and 11 patients of group B showed radiological improvement in the lunate regarding sclerosis, cystic changes, or fragmentation after operation: sclerosis in 7, cystic changes in 5, and fragmentation in 8 patients of group A; and sclerosis in 10, cystic changes in 6, and fragmentation in 8 patients of group B. No progression of the Lichtman stage was found in any patients, and no cases showed development and progression of arthritic changes of the radiocarpal and midcarpal joints at the final follow-up.
The radiological measurements and clinical evaluations at the final follow up are described in Table 3 . The relationships between radiological parameters and preoperative Lichtman stage were similar to those preoperatively observed. Ulnar variance and radial inclination angle were changed significantly after operation, but no significant differences were observed in the radioscaphoid angle, car- The mean angle of wrist flexion/extension, grip strength, and DASH score were significantly improved in both groups, but no significant difference was noted between two groups at the final follow up (p = 0.149, p = 0.267 and p = 0.536, respectively). The mean pain VAS score during activities of daily living at the final follow-up was 1.2 (range, 0 to 3) in group A and 1.1 (range, 0 to 5) in group B. Four wrists in group A and 7 wrists in group B were asymptomatic. The mean NSSK was 21.6 (range, 15 to 27) in group A and 21.8 (range, 15 to 26) in group B at the final follow-up, showing no statistically significant difference between groups (p = 0.893): 3 were rated excellent, 7 good, and 1 fair in group A; and 4 were rated excellent, 9 good, and 1 fair in group B (Figs. 1 and 2 ).
DISCUSSION
Radial wedge osteotomy that decreases the radial inclination is known to reduce the pressure on the lunate by increasing the contact area between the diseased lunate and radius, shifting the load to the radial side of the wrist joint. 6, 11) The present study shows that radial wedge osteotomy yielded excellent radiological and functional outcomes in the treatment of advanced stages of Kienböck's disease and these results were comparable to those of stage IIIA Kienböck's disease.
Radial osteotomies have shown favorable clinical results in the treatment of Kienböck's disease, but these procedures could not restore the morphology of the collapsed lunate and the changed carpal alignment. 7, [11] [12] [13] [14] [15] Thus, the efficacy of radial osteotomies in advanced stages of Kienböck's disease has been controversial and salvage procedures have been recommended in these stages. 8, 10) However, salvage procedures, such as proximal row carpectomy, limited carpal fusion, and wrist arthrodesis reduce the wrist ROM. 3, [8] [9] [10] In addition, these salvage procedures could not halt the secondary arthritic changes in the radiocarpal and other joints around the wrist, despite symptomatic relief. 9, 10, 25, 26) Radial osteotomy is a relatively simple extra-articular procedure, and surgery itself does not influence the flexion/extension of the wrist joint. In addition, other procedures involving articular structures could be attempted later period of the disease without concern for previous operation's scar adhesion. 13, 27) Several studies have reported on the role of radial osteotomy in the treatment of advanced stage Kienböck's disease. Iwasaki et al. that excluded the radiological evaluation, and the average follow-up period was rather short (29 months). Matsui et al. 18) reported the results of radial shortening osteotomy and Soejima et al. 16) reported the results of radial wedge osteotomy in advanced stages. Despite achievement of satisfactory clinical results in all patients, they denied the role of radial osteotomy for radiographic improvement of the lunate. Mozaffarian et al. 8) reported poor results of radial shortening osteotomy in patients with advanced stage Kienböck's disease (stage IV), but they did not evaluate the morphologic changes of the lunate.
We think that the excellent radiological and functional outcomes of our patients could be explained by the high proportion of patients receiving combined radial shortening and lateral closed wedge osteotomy. More than two third of patients in each group received combined osteotomy as all of them showed negative ulnar variance. It is known that combined radial osteotomy could provide the benefits of 2 procedures simultaneously 15) and prevent the complications related to each radial osteotomy. Concerns about overcorrection of bony morphology of the radiocarpal and distal radioulnar joints could be reduced by use of this technique. By controlling the shortening length of the radius under 3 mm, development of incongruence of the distal radioulnar joint and iatrogenic ulnar impaction syndrome could be avoided. By reducing the extent of correction of the radial inclination angle under ten degrees, several known complications of radial wedge osteotomy, such as secondary radioscaphoid arthritic changes due to excessive load redistribution, 6) compensatory excessive ulnar deviation of the wrist, 15) and development of limitation of forearm rotation, 11) could be avoided. The Lichtman classification system is based on radiological findings and does not reflect the clinical situations. 5) We think that the similar preoperative clinical presentation between group A and B could be associated with this limitation of the staging system. In addition, the preoperative Lichtman stage did not have any influence on the clinical and radiological outcomes of the operation in this study. The radioscaphoid angle of the wrist and preexisting arthritic changes of the radiocarpal joint were not improved significantly after radial wedge osteotomy despite clinical improvement of symptoms. This can be interpreted that carpal malalignment including scaphoid 
